HIV testing constitutes a key step along the continuum of HIV care. Men who have sex with men (MSM) have low HIV testing rates and delayed diagnosis, especially in low-resource settings. Peer-led interventions offer a strategy to increase testing rates in this population. This systematic review and meta-analysis summarizes evidence on the effectiveness of peer-led interventions to increase the uptake of HIV testing among MSM. Using a systematic review protocol that was developed a priori, we searched PubMed, PsycINFO and CINAHL for articles reporting original results of randomized or non-randomized controlled trials (RCTs), quasi-experimental interventions, and pre-and post-intervention studies. Studies were eligible if they targeted MSM and utilized peers to increase HIV testing. We included studies published in or after 1996 to focus on HIV testing during the era of combination antiretroviral therapy. Seven studies encompassing a total of 6205 participants met eligibility criteria, including two quasiexperimental studies, four non-randomized pre-and-post intervention studies, and one cluster randomized trial. Four studies were from high-income countries, two were from Asia and only one from sub-Saharan Africa. We assigned four studies a "moderate" methodological rigor rating and three a "strong" rating. Meta-analysis of the seven studies found HIV testing rates were statistically significantly higher in the peer-led intervention groups versus control groups (pooled OR 2.00, 95% CI 1.74-2.31). Among randomized trials, HIV testing rates were significantly higher in the peer-led intervention versus control groups (pooled OR: 2.48, 95% CI 1.99-3.08). Among the non-randomized pre-and post-intervention studies, the overall pooled OR for intervention versus control groups was 1.71 (95% CI 1.42-2.06), with substantial heterogeneity among studies (I 2 = 70%, p < 0.02). Overall, peer-led interventions increased HIV testing among MSM but more data from high-quality studies are needed to evaluate effects of peer-led interventions on HIV testing among MSM in low-and middle-income countries.
Introduction
Globally, men who have sex with men (MSM) are disproportionately affected by HIV infection (Beyrer, Baral et al., 2012; UNAIDS, 2013a) . Incidence of HIV among MSM remains steadily high, despite declines in the general population (Beyrer, Sullivan et al., 2012; Prejean et al., 2011; UNAIDS, 2013b) and increasing benefits of antiretroviral therapy (ART) for the management of HIV (Anglemyer, Horvath, & Rutherford, 2013; Das et al., 2010; Rutherford, 2011) . In addition, rates of HIV testing among MSM have stayed low worldwide (Adam et al., 2009; Zablotska et al., 2012) , as have their rates of access to HIV prevention and care services (Beyrer, Baral et al., 2012) . Recent WHO guidelines highlight the need to strengthen HIV programs so that all key populations benefit from advances in HIV prevention and treatment (Hirnschall, Baggaley, & Verster, 2014) .
In particular, improved outreach efforts to MSM are necessary to achieve the UNAIDS goal of creating an AIDS free generation (UNAIDS, 2013a; WHO, 2014) .
Engagement in HIV care, including early initiation of and adherence to ART have the potential to improve health outcomes and greatly reduce onward transmission of infection (Cohen et al., 2011; Gardner, McLees, Steiner, Del Rio, & Burman, 2011) . To benefit fully from treatment, however, individuals need to first be aware of their HIV status (Ayala et al., 2014; Bickman & Hoagwood, 2010; Rosenberg, Millett, Sullivan, del Rio, & Curran, 2014; Singh et al., 2014; Zanoni & Mayer, 2014) . Early diagnosis allows HIV-infected individuals to take steps to protect their partners from infection, and early treatment can lower viral load and reduce the risk of transmitting HIV (Cohen et al., 2011) . Unfortunately, HIV testing and treatment programs often fail to reach MSM and other marginalized groups despite being disproportionately affected by the infection (Adam et al., 2009; Deblonde et al., 2010; MacKellar et al., 2005) . Therefore, strategies that can be used to effectively reach MSM and optimally engage them in HIV care are critically needed.
Peer-led interventions to promote HIV testing can potentially increase testing rates among MSM. Peer-led HIV interventions typically involve enlisting members of a specific at-risk group to influence and support members maintain healthy sexual behaviors, change risky sexual behaviors, and modify norms in ways conducive to healthier lifestyles (Webel, 2010) . Peers are more likely than professionals to influence the behaviors of fellow group members, and also have better access to hidden populations who may have limited interaction with conventional health programs (Simoni, Nelson, Franks, Yard, & Lehavot, 2011) . Peers have been deployed to help MSM negotiate complex prevention, care, substance abuse, and social service systems (Bradford, Coleman, & Cunningham, 2007) . Peer-based interventions to promote HIV behavioral and clinical outcomes have shown promise, based on recent systematic reviews. For example, peer-led programs have been demonstrated to effectively support adherence to ART and sustain retention in care over time (Genberg et al., 2016) . Peer-based programs can effectively reduce the incidence of condomless sex with new partners (Ye et al., 2014) . To date, there is no known review that systematically identifies and synthesizes evidence on effectiveness of peer-led interventions to improve HIV testing among MSM. Accordingly, we aimed to fill this gap by conducting a systematic review and meta-analysis to examine interventions that have used peers to facilitate and improve HIV testing among MSM. We focused on the era of combination ART and examined studies published in or after 1996.
Methods
This systematic review is written in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher, Liberati, Tetzlaff, & Altman, 2009 ). It also abides by Cochrane Collaboration guidelines, including procedures for defining the review question a priori, searching for studies, selecting studies, extracting data, appraising the risk of bias in included studies, and analyzing data (Higgins & Green, 2008) .
Eligibility criteria
Studies were selected if they met the following inclusion criteria: (1) randomized or non-randomized controlled trials (RCTs), quasi-experimental intervention studies, pre-and post-intervention studies without control groups, or studies of prospective outcomes/cohort studies; (2) study populations were MSM who are HIV-negative or do not know their HIV status; (3) interventions utilized peers of MSM to increase the uptake of HIV testing; (4) study assessed HIV testing; and (5) study was published in or after 1996. We defined peers as demographically-similar counterparts of the target population (e.g., lay persons, community health care workers, opinion leaders, patient advocates, patient expert, patient navigator, peer navigator, and peer volunteer). Studies were excluded if they: (1) focused on the general population and did not present outcome data on MSM, and (2) were published in a language other than English.
Search strategy
A systematic literature search was conducted using 3 databases: PubMed, PsycINFO Figure 1 . Using an a priori screening checklist, we reviewed abstracts and titles. If abstracts were incomplete, we reviewed full texts to determine eligibility. Manuscripts that met inclusion criteria were retained for full analysis.
The initial search of PubMed, PsycINFO, and CINAHL electronic databases yielded 235 entries meeting the predefined inclusion criteria, among which 14 duplicates were identified and removed (Figure 1 ). Of the remaining 221 studies, 193 were excluded because they did not meet the inclusion criteria, leaving 28 studies for full text review.
Studies excluded after full text review
Among the 28 studies reviewed in full, 21 were excluded. Eleven studies did not have HIV testing as the primary outcome (Duan et al., 2013; Elford, Bolding, & Sherr, 2004; Elford, Sherr, Bolding, Serle, & Maguire, 2002; Hallett, Brown, Maycock, & Langdon, 2007; Hidalgo et al., 2011; Hosek et al., 2015; Jaganath, Gill, Cohen, & Young, 2012; Kegeles, Hays, Pollack, & Coates, 1999; Subramanian et al., 2013; Yan et al., 2014) . In two studies, the study population was not MSM (Gutierrez, McPherson, Fakoya, Matheou, & Bertozzi, 2010; Koech et al., 2014) . Three studies were excluded because they did not use an RCT or prospective cohort design (Bowles et al., 2008; Ntata, Muula, & Siziya, 2008; Scott et al., 2014) , another two because they were systematic reviews and meta-analyses (Stromdahl et al., 2015; Ye et al., 2014) , and three because they were not peer-driven interventions (Fernandez-Balbuena et al., 2014; Outlaw et al., 2010; Prejean et al., 2011) . The 7 studies that met all eligibility criteria are described in Table 1 .
Data extraction
For all eligible studies, the following information was extracted: first author, publication year, study country, study design, sample sizes, study durations of follow up, description of interventions, description of the comparison arm, outcome of interest and key findings.
Assessment of methodological quality of included studies
Methodological quality was assessed using the quality assessment tool for quantitative studies developed by the Effective Public Health Practice Project (Thomas, 2003) . Studies were assessed for selection bias, study design, confounding, blinding, data collection, withdrawals and drop-outs. Based on ratings for each of the seven components, each study received an overall global quality score of "strong", "moderate", or "weak". In order for a study to be rated as "strong", four of the six quality assessment criteria had to be considered "strong", with no "weak" rating. A "moderate" rating was awarded if less than four criteria were rated "strong" and one criterion was "weak". A "weak" rating of was assigned if two or more criteria were rated "weak". Quality assessment ratings are provided for each study alongside study characteristics in Table 2 .
Statistical analysis
Meta-analysis was performed for the three randomized or quasi-experimental studies and a separate meta-analysis was done for the four pre-and post-intervention studies. HIV testing was the outcome of interest. Metaanalysis was done using RevMan version 5.3 (Cochrane Information Management System). Both random-effect and fixed-effect Mantel-Haenszel models were used to calculate the proportion of MSM testing for HIV and was expressed in terms of the 95% confidence interval (CI) and level of statistical significance. We also evaluated the overall effect size based on all the seven studies. For studies with multiple measurements at different follow-up time points, we used the last follow-up assessment to estimate the overall effect size. We explored sources of heterogeneity by performing subgroup analysis by study design (randomized studies versus pre-post intervention studies), socioeconomic level of setting (high versus low and middle-income country), quality rating (strong versus moderate). The overall effect of peer-led interventions was assessed by the I 2 statistic. Pooled odds ratios (ORs) and 95% CIs are presented in Figure 2 . To assess the robustness of our estimates, we conducted sensitivity analyses by excluding studies which were identified as outliers.
Results

Description of the included studies
Among the 7 studies included, 1 was an RCT (Young et al., 2015) , 1 was a cluster randomized trial (Young et al., 2015) , 2 were quasi-experimental studies (Ko et al., 2013; Wilton et al., 2009; Yan et al., 2014) , and 3 were pre-and post-intervention studies (Erausquin et al., 2009; Geibel, King'ola, Temmerman, & Luchters, 2012; Golden et al., 2006) (Table 1 ). The sample sizes ranged from 95 to 1037. Duration of observation varied from 3 to 18 months after baseline assessment. For studies with control arms, the comparison condition was typically standard of care for HIV prevention. All 7 studies assessed HIV testing uptake among MSM as the primary outcome, though 3 studies measured other outcomes such as knowledge about HIV (Erausquin et al., 2009; Geibel et al., 2012; Wilton et al., 2009) . Three studies were conducted in the US (Erausquin et al., 2009; Golden et al., 2006; Wilton et al., 2009) , one in the UK (Elford, Bolding, & Sherr, 2001) , and three in low-and middle-income countries: Kenya (Geibel et al., 2012), Taiwan (Ko et al., 2013) , and Peru (Young et al., 2015) .
Methodological appraisal of the included studies
Methodological ratings for the seven studies are shown in Table 2 . Three of the seven studies (Ko et al., 2013; Wilton et al., 2009; Young et al., 2015) were assigned a "strong" overall quality rating, and the other four were deemed of "moderate" quality (Elford et al., 2001; Erausquin et al., 2009; Geibel et al., 2012; Golden et al., 2006) . No study received a "weak" overall rating. Four studies were rated as "moderate" in terms of selection bias (Elford et al., 2001; Erausquin et al., 2009; Ko et al., 2013; Wilton et al., 2009) , two were assigned a "weak" rating (Geibel et al., 2012; Golden et al., 2006) , whereas one study received a "strong" rating (Young et al., 2015) . Most studies got "moderate" or "weak" ratings for selection bias because participants were recruited mostly through establishment-based sampling venues frequented by MSM such as bars, clubs and bathhouses. The one study rated "strong" for selection bias recruited participants via the Internet (Facebook), and the participants were randomly assigned to either a peer-led intervention group or control (Table 2 ). All the studies scored "strong" ratings for control of confounding as well as for data collection methods. In addition, most studies got "strong" ratings with regard to withdrawals and dropouts. Five studies described both the numbers and reasons for withdrawals and drop-outs, and only one study did not provide this information (Erausquin et al., 2009 ).
Effect of peer led interventions on rate of HIV testing among MSM
Meta-analysis of the seven studies demonstrated increased uptake of HIV testing among those individuals exposed to peer-led interventions (Figure 2) . The overall effect is statistically significant (pooled OR: 2.00, 95% CI 1.74-2.31) with substantial heterogeneity across studies (I 2 = 71%, p < 0.002). We used both random-effects and fixed-effects Mantel-Haenszel models, which yielded similar results, so we only present results from the fixed-effects model (Figure 2 ). Meta-analysis of the two quasi-experimental studies (Ko et al., 2013; Wilton et al., 2009 ) and one cluster randomized trial (Young et al., 2015) showed that the odds of HIV testing were significantly higher in the peer-led intervention versus control groups (pooled OR: 2.48, 95% CI 1.99-3.08), with low heterogeneity across studies (I 2 = 50%, p < 0.14). Among the pre-and post-intervention studies, the pooled OR was 1.71, 95% CI 1.42-2.06), although there was significant heterogeneity across studies (I 2 = 70%, p < 0.02). Subgroup analyses and sensitivity analyses did not materially alter the results (Figures 3a, b , and 4).
Discussion
This, to our knowledge, is the first systematic review and meta-analysis of the effect of peer-led interventions on the rate of HIV testing among MSM. The review included seven studies conducted in the era of highly active ART, with sites in the US, UK, Kenya, Taiwan, and Peru involving 6205 MSM. Overall, peer-led interventions among MSM were effective in promoting HIV testing. In pooled analysis of seven studies with comparable methods and outcome measures, there was a 2.00 (95% CI 1.74-2.31) increased odds of HIV testing among MSM who were engaged in peer-led interventions compared to counterparts who were not. These findings are particularly compelling in light of renewed calls to improve rates of HIV testing among key populations such as MSM (UNAIDS, 2013a; WHO, 2014) , and the paucity of proven mechanisms to do so.
The current review is consistent with prior meta-analytic reviews showing positive impacts of peer-based interventions for HIV prevention. One meta-analysis demonstrated that peer-led interventions could increase HIV-related knowledge, reduce equipment sharing among injection drug users, and improve condom use (Medley, Kennedy, O'Reilly, & Sweat, 2009) . Another one, which included the non-English language and grey literature concluded that peer-led interventions were effective in reducing unprotected anal intercourse among MSM (Ye et al., 2014 ). An additional systematic review found that peer-led interventions were effective in faciliatating linkage to care for HIV-diagnosed individuals, although the investigators did not find any study focusing exclusively on MSM (Genberg et al., 2016) . The current systematic review and meta-analysis complements this growing body of work on the utility of peer-led interventions by adding evidence for the critical outcome of HIV testing among MSM.
Given the levels of stigma and distrust toward the medical community that have been documented among MSM, peer-led interventions might be especially useful for building trust and reaching hidden subgroups that have been alienated from mainstream HIV prevention efforts. Four of the seven peer-led interventions to facilitate HIV testing among MSM that met our eligibility criteria were conducted in developed countries, underscoring the need for further efforts to design and implement more peer-led interventions in low and middle-income countries, which bear the brunt of the epidemic and where barriers to HIV care for MSM may be especially acute (Beyrer, Baral et al., 2012) . For instance, we found only one study that examined the involvement of peers to increase HIV testing among MSM in sub-Saharan Africa (Geibel et al., 2012) . Given high stigma towards MSM in sub-Saharan Africa, peer- led interventions may be critical for creating enabling and safe testing environments for MSM who may not otherwise seek HIV care in health departments or local clinics.
Three of seven studies in this review received a "strong" rating for methodological quality, and four got a "moderate" rating. Studies generally recruited participants from gay venues or sites of MSM-oriented services or institutions, and were unlikely to include nongay-identified MSM. This raises the question of whether results from the studied interventions reflect those MSM who are not affiliated with gay or MSM networks and who might have a high likelihood of living with undiagnosed HIV. Notably, two studies used the internet as a strategy for reaching participants, which is a promising approach for engaging MSM who do not frequent gaycentric community venues and who are harder to reach. However, this approach may also fail to reach MSM who may not have access to the Internet. Preand post-intervention study designs represented more than half of the included studies, which may compromise the ability to draw inferences about the causal effects of the intervention on HIV testing outcomes. Although meta-analysis of results from both the experimental and observational studies in the review yielded statistically significant findings, further research using rigorous study designs is needed to assess impacts of peer-led HIV testing among MSM in low-and middle-income settings.
This review has some limitations. As in any metaanalysis or systematic review, publication bias is a potential problem. Due to the small number of studies that met eligibility criteria, we were unable to assess for publication bias. According to the Cochrane Collaboration, tests to assess for publication bias should include 10 or more studies. With seven studies, we had insufficient power to distinguish chance from real asymmetry with regard to publication bias (Higgins & Green, 2008) . Unlike Ye et al. (2014) , our search focused on publications in the English peer-review literature and thus excluded unpublished research or gray literature as well as non-English literature. Although we searched in three databases (PubMed, PsycINFO, and CINAHL), a post-hoc literature search using the Cochrane and ClinicalTrials.org databases yielded no additional studies. Due to our interest in HIV testing strategies in the era of ART, we included evaluations that were conducted after 1996 and thus we may have excluded peer-led MSM testing interventions from the earlier phases of the epidemic. Another limitation of our analysis is the heterogeneity across studies, which may not be accurately reflected in the pooled estimates. Differences in study design, geographical location (country, urban or rural area), and intervention year contributed to the heterogeneity. To address this, we used both fixed-effects and random-effect meta-analysis and stratified by study design, country, and quality rating. Heterogeneity was substantial across the 7 studies largely due to the inclusion of pre-and post-intervention studies. In addition, there is also a lack of consistency and detail in the description of characteristics of study sample and study design across the reviewed studies.
The studies included in our meta-analysis had important design limitations (Table 2 ). For example, study populations were recruited mainly from MSMoriented services or institutions, limiting generalizability of these findings to MSM who are not affiliated with MSM networks. Also, randomized trials were of Figure 4 . Sensitivity analyses to examine robustness of results after excluding two studies with outliers (Geibel et al., 2012; Young et al., 2015) . Values show study-specific and overall sizes of the effect of peer-led interventions on rate of HIV testing among MSM.
necessity not blinded, raising the possibility of bias. Preand post-intervention studies had varying lengths of follow-up and sample sizes, which could affect estimation of the benefits of the interventions. Lastly, these findings might have limited generalizability due to the geographic settings of the primary studies. In spite of these potential limitations, our careful subgroup and sensitivity analyses indicated that the overall results are robust.
In conclusion, we found that peer-led interventions increased the rate of HIV testing among MSM, based on a systematic review and meta-analysis of available literature after a careful search. Efforts to optimize the continuum of HIV care can benefit from peer-led approaches to engage MSM in HIV testing. Peer-led approaches may also be advantageous for other components of the continuum of HIV care, such as linking MSM who are aware of their HIV-positive status to care services (Genberg et al., 2016) , and for other hidden at-risk populations. Noteworthy gaps in the published literature include the need for testing these interventions in diverse epidemic contexts, especially in places where MSM experience major barriers to HIV prevention and testing. Innovative use of the Internet and mobile telecommunications devices as a medium of outreach to facilitate the conduct of peer-led HIV testing among MSM is a promising emerging approach. Where possible, researchers should employ high-validity study designs including adequately powered RCTs with longer follow-up periods in order to more accurately assess the effects of peer-led interventions on HIV testing and linkage to care among MSM.
